INTRODUCTION
============

A venous thromboembolism (VTE) may occur following a surgical procedure for a malignant neoplasm. The incidence of VTE after colorectal cancer surgery ranges from 1.4% to 2.4% \[[@B1][@B2][@B3]\]. VTE is one of the leading causes of significant morbidity and mortality in cancer patients after surgery. In particular, a pulmonary thromboembolism (PTE) is associated with higher rates of mortality compared with thromboembolisms found in other organs \[[@B1]\]. Even when a PTE occurs, early detection and management of the PTE can avert unfavorable consequences in many cancer patients. Clinicians need to be vigilant on the selection of cancer patients with risk factors of PTE before and after surgery, with more careful monitoring in routine follow-up, and this strategy appears to be important in achieving good results. In addition, prophylactic anticoagulation therapy may be considered for cancer patients classified as a high-risk group for PTE before surgery \[[@B4][@B5]\]. Thus, the monitoring and evaluation of preoperative PTE-related risk factors is of great importance in reducing morbidity and mortality after colorectal cancer surgery. A number of studies related to the usefulness of prophylactic anticoagulation therapy before surgery and risk factors for VTE have been conducted thus far \[[@B6][@B7][@B8][@B9]\]. Prophylactic anticoagulation therapy with low-molecular-weight heparin (LMWH) may postoperatively reduce the incidence of VTE in patients with risk factors of VTE \[[@B10]\]. Risk factors of VTE are malignant tumor, older age, the level of physical activity, diabetes mellitus, obesity, and heart disease \[[@B11]\]. According to an evidence-based clinical practice guideline of the American Society of Clinical Oncology, prophylaxis and treatment of VTE-associated risk factors is recommended in patients with malignancy. In VTE patients, PTE had a higher motality. In colorectal cancer, PTE incidence was 4.1 folds higher than other malignacy \[[@B12]\]. With regard to the development of PTE associated with postoperative colorectal cancer surgery \[[@B11][@B13]\], local studies have been less robust in Korea.

At present, early diagnosis of colorectal cancer and rapid technical advancements have resulted in a gradual increase in the survival rate for colorectal cancer patients. Minimizing the complications during the treatment and the follow-up periods is a very critical issue in improving the quality of life for people with colorectal cancer. In consideration of this, the authors attempted to identify clinicopathologic factors influencing the development of PTE in patients with colorectal cancer, with an aim to find possible methods to reduce the incidence of PTE-associated morbidity and mortality.

METHODS
=======

We evaluated 414 patients who had undergone colorectal cancer surgery between January 2009 and October 2014 at the Department of Surgery, Inje University Sanggye Paik Hospital, via a retrospective review of their medical records. Institutional Review Board approval was obtained from Inje University Sanggye Paik Hospital (IRB No. 2015-05-18). After patients with a history of synchronous organ resection at other metastatic sites and deep vein thrombosis (DVT) had been excluded, a total of 312 patients with colorectal cancer were included for our retrospective analysis. PTE was postoperatively diagnosed by using chest computed tomography (CT) before initiation of chemotherapy or regular clinical laboratory tests. Patients underwent routine chest and abdominal CT scans every 3 months after the surgical procedure for the first year, then every 6 months for 2 years, and every year thereafter. For recurrent colorectal cancer, chest CT scans were performed prior to chemotherapy. Of the 312 patients screened, a total of 14 patients (4.5%) were finally diagnosed with PTE, and these patients underwent a chest CT scan every 3 months ([Fig. 1](#F1){ref-type="fig"}).

To reduce patient selection bias, we compared 14 PTE patients with 42 control subjects without PTE in a sex-, age- and tumor-stage-matched ratio (1:3). Then, clinicopathologic factors affecting the development of PTE were compared between the two groups. The clinicopathologic factors assessed were a history of diabetes mellitus and hypertension, body mass index (BMI), overweight according to the Asia-Pacific guidelines of obesity classification, smoking, and chest pain/dyspnea during follow-up. The preoperative evaluation factors also included the American Society of Anesthesiologist (ASA) score and the route of administration in postoperative chemotherapy. In addition, blood parameters, including blood pathologies, such as complete blood counts, prothrombin time (PT), partial thromboplastin time, PT international normalized ratio, liver function test, and albumin, total protein, sodium, potassium, chloride, and cholesterol levels, were compared. All statistical analyses were performed using MedCalc statistical software ver. 15.5 (MedCalc Software bvba, Ostend, Belgium; <https://www.medcalc.org>; 2015). In the presence of nonnormal distribution data, analyses were performed by using the Mann-Whitney U test for continuous data and the chi-square test for categorical data. For the independent PTE risk factor analysis, a multivariate logistic regression analysis was done with statistically significant variables. A P-value of \<0.05 was considered statistically significant.

RESULTS
=======

Of the 312 patients included in this study, we finally diagnosed 14 patients with PTE (PTE group) and compared them with 42 control subjects without PTE (control group) according to a tumor-stage-, age-, and sex-matched ratio (1:3). The mean age was 69 years in both groups. Eight males and 6 females were in the PTE group. The distribution of clinical stages of colorectal cancer in the PTE group was as follows: stage I (1 patient), stage II (4 patients), stage III (9 patients), and stage IV (1 patient). The diagnosis interval for PTE was from 1 to 47 months, and the median diagnosis interval was 14 months. PTE patients were followed up every 3 months by using chest CT scans, and prophylactic anticoagulation therapy with LMWH was performed. PTE-associated symptoms were not observed in all PTE patients during follow-up; neither were death nor any signs of exacerbation.

The number of PTE patients aged 70 or older was 7 compared with 21 in the control group, but the difference was not significant. Preoperative diabetes mellitus showed a higher proportion in the PTE group than in the control group (6 PTE patients vs. 7 control subjects before surgery, P = 0.006). Seven PTE patients and 25 control subjects were diagnosed with preoperative hypertension, but the difference was insignificant. Routine monitoring did not reveal any differences in the incidences of dyspnea and chest discomfort between the two groups after the surgical procedure. The ASA scores were compared in the PTE group and the control group, respectively: ASA 1 (none vs. 9 patients), ASA 2 (12 patients vs. 24 patients), ASA 3 (2 patients vs. 8 patients), and ASA 4 (none vs. 1 patient). No significant differences in the ASA scores between the two groups were observed, not even for an ASA score \> 3. Although the mean BMI value did not show a statistical difference between the two groups (PTE (+) 24.4 kg/m^2^ vs. PTE (-) 22.75 kg/m^2^, P = 0.119), a statistical significance was observed for being overweight according to the Asia-Pacific obesity classification (10 PTE patients vs. 11 control subjects, P = 0.002). Except for three individuals who did not receive chemotherapy due to systemic weakness (one PTE patient vs. two control subjects \[including clinical stage I\]), all patients underwent chemotherapy treatment. Intravenous chemotherapy was performed in 10 PTE patients and 23 control subjects, respectively, but no differences between the two groups were observed. With regard to the chemotherapeutic agents, oral therapy consisted of UFTE (tegafur, uracil) and doxifluridine while intravenous regimens included FOLFOX (folinic acid + 5-fluorouracil + oxaliplatin), FOLFIRI (folinic acid + 5-fluorouracil + irinotecan), and XELOX (oxaliplatin + capecitabine) ([Table 1](#T1){ref-type="table"}). No differences in blood pathology findings between the two groups were noted ([Table 2](#T2){ref-type="table"}).

A multivariate logistic regression analysis of additional variables, including sex, older age (71 years or older), and ASA score (more than ASA 3) was performed based on previous studies and included a history of being overweight and having diabetes mellitus, which were significant factors in the univariate analysis. Results suggested that independent risk factors were a history of diabetes mellitus (odds ratio, 6.498; P = 0.031) and being overweight (odds ratio, 10.018; P = 0.014) whereas other risk factors did not show any statistical significance ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

A large-scale, nationwide, retrospective study, which was designed to investigate a link between colorectal surgery and the development of VTE and PTE in the United States, found that VTE or PTE was clinically recognized in 2% of patients, with a close relationship with the following risk factors: malignant neoplasm, laparotomy, hypoalbuminemia, steroid treatment, obesity, older age, emergency admission, and ASA score (more than ASA 2) \[[@B14]\]. Risk factors associated with DVT and PTE in cancer patients were reported in a number of studies in Western countries, where multiple risk factors, such as diabetes mellitus, level of physical activity in patients, cardiac disorder and ethnicity, were presented \[[@B1][@B2][@B3][@B15]\]. Although a local study related to the development of postoperative VTE in Korean cancer patients showed that the incidence of VTE in patients who underwent colorectal cancer surgery was higher than it was in patients who underwent other types of surgeries, its occurrence in the Korean population was lower than that in the Western population \[[@B16]\]. In other local studies on the incidence of postoperative VTE in patients with colorectal cancer, a lower survival rate was reported, but the fact that VTE was an independent risk factor that lowered the survival rate was not delineated \[[@B17][@B18]\]. Overall, these studies did not identify any risk factors associated with VTE and PTE.

The number of PTE patients in our study, which was 4.5% of the 312 patients screened, was somewhat higher than that reported in local studies. We postulated that the higher proportion of PTE patients might be attributable to the nonuse of prophylactic anticoagulation therapy before surgery in our clinic. Now that the Westernized physique and constitution of people in Korea and Asia have become visible, prophylactic anticoagulation therapy should be strongly considered in patients with risk factors for PTE. PTE is generally diagnosed via chest CT angiography, but in this study, PTE was accidently found during routine examination, with no diagnostic tests to address any acute symptoms. Tresoldi et al. \[[@B19]\] reported that routine chest CT was more advantageous than diagnostic tests in cancer patients, considering the small risk of patient exposure to radiation from CT after intravenous contrast injection.

The level of physical activity in cancer patients has been well known to be one of the risk factors for PTE \[[@B15]\]. Earlier studies of cancer patients indicated that the ASA score was higher in the PTE group than in the non-PTE group \[[@B14]\]. However, the results of our study did not reveal the ASA score to be one of the significant risk factors for the development of PTE. Based on other prior findings, we deem that the level of physical activity should be studied in a large population, coupled with additional analyses of other risk factors, including hospitalization period and surgery time, as well as ASA score.

A malignant neoplasm has been shown to be one of the risk factors for DVT and PTE \[[@B11]\]. The chemotherapeutic agent is a factor that increases thrombus risk in cancer patients \[[@B15]\]. In this study, no differences in the chemotherapy-associated incidence of PTE were observed. Because an investigation of the effects of antitumor drugs on the development of PTE as a risk factor may appear to have many limitations, research focusing on adverse reactions to drugs administered following colorectal cancer surgery would be helpful.

In our study, a higher proportion of patients with a history of diabetes mellitus before surgery were significantly observed in the PTE group (P = 0.006); thus, it can be considered to be an independent risk factor (odds ratio, 6.498; P = 0.031). Previous findings indicated that diabetes mellitus affected the incidence of PTE preoperatively and postoperatively \[[@B20]\]. Like other reports, this study also showed that diabetes mellitus may have contributed to PTE risk as a preceding factor. Numerous prior studies identified that high BMI increased the incidence of postoperative PTE in patients with colorectal cancer \[[@B15]\]. In the present study, we observed that most PTE patients were obese based on the Asia-Pacific obesity classification, which is in agreement with previous findings. As previously reported in many studies, diabetes mellitus and being overweight are risk factors for PTE, and the connection was statistically significant in our study. Because of prior awareness that diabetes mellitus or obesity is associated with increased risk of PTE, clinicians should establish more aggressive prevention and treatment strategies for cancer patients with such risk factors before and after surgery. With regard to the two risk factors for PTE mentioned in our study, a long-term study will be necessary if the incidence of PTE is to be reduced via proper treatment. In addition, both diabetes mellitus and obesity are related to metabolic syndrome, so relevant factors should be further studied.

In the present study, we diagnosed postoperative PTE through routine observation for treatment whereas PTE-related symptoms or death was not observed. We also found that routine follow-up tests using chest CT scans were significantly meaningful in detecting and treating PTE in patients undergoing colorectal cancer surgery and chemotherapy. However, if the risk factors of postoperative PTE are taken into account, clinicians should establish a thorough follow-up program to ensure more timely tests and treatment in a high-risk group.

The results of our study showed that both diabetes mellitus and being overweight were risk factors for postoperative PTE in patients with colorectal cancer. However, we were limited to analyzing intrapatient characteristics due to the small sample size. Further studies are needed to identify other risk factors, such as medical condition that reduces the level of physical activity, histopathological features, and comorbid colorectal disease. Multicenter and comparative studies for risk factors of PTE are also necessary. Through such research, the risk factors of PTE may be thoroughly studied for more effective prevention and treatment of PTE.

In summary, our results suggest that diabetes mellitus and overweight are risk factors for postoperative PTE in patients with colorectal cancer. In this context, clinicians should be vigilant in closely investigating the medical history, the level of physical activity and the BMI before surgery in these patients. Then, they should identify risk factors of postoperative PTE during follow-up to ensure proper individual management. Further studies should clarify the associations between these risk factors for colorectal cancer and the development of PTE.
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![Flow chart of the study. PTE, pulmonary thromboembolism; DVT, deep vein thrombosis.](ac-31-187-g001){#F1}

###### Medical history of patients
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PTE, pulmonary thromboembolism; ASA, American Society of Anesthesiologists; BMI, body mass index.

###### Laboratory results of patients
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Values are presented as mean ± standard deviation.

PTE, pulmonary thromboembolism; PT, prothrombin time; aPTT, activated partial thromboplastin time; INR, international normalized ratio; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; NS, nonspecific.

###### Logistic regression of risk factors of PTE after colorectal surgery
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PTE, pulmonary thromboembolism; BMI, body mass index; ASA, American Society of Anesthesiologists.
